Background: Gene expression profiling (GEP) is increasingly used in the rapidly evolving field of personalized medicine. We sought to evaluate the association between GEP-assessed of breast cancer recurrence risk and patients' well-being. Methods: Participants were Dutch women from 10 hospitals being treated for early stage breast cancer who were enrolled in the MINDACT trial (Microarray In Node-negative and 1 to 3 positive lymph node Disease may Avoid ChemoTherapy). As part of the trial, they received a disease recurrence risk estimate based on a 70-gene signature and on standard clinical criteria as scored via a modified version of Adjuvant! Online. \Women completed a questionnaire 6-8 weeks after surgery and after their decision regarding adjuvant chemotherapy. The questionnaire assessed perceived understanding, knowledge, risk perception, satisfaction, distress, cancer worry and health-related quality of life (HRQoL), 6-8 weeks after surgery and decision regarding adjuvant chemotherapy.
A randomized controlled trial, the MINDACT (Microarray In Node-negative and 1 to 3 positive lymph node Disease may Avoid ChemoTherapy; EORTC 10041/BIG 3-04) evaluated prospectively whether the 70-gene signature selects the right patients for adjuvant chemotherapy better than standard clinicopathological criteria [7, 8] . This trial enrolled 6700 early stage breast cancer patients throughout Europe, who had their risk of disease recurrence assessed by both standard clinicopathological criteria and the 70-gene signature. Clinicopathological prognostic risk was assessed through a modified version of Adjuvant! Online [9] . Low risk for distant recurrence was defined as >88% chance of 10-years survival for oestrogen receptor (ER)-positive breast cancer and >92% for ER-negative breast cancer. Concordant genomic high (G-high) and clinicopathological high (C-high) risk patients were recommended to undergo adjuvant chemotherapy, and concordant G-low and C-low risk patients were informed that chemotherapy is not recommended. Discordant patients ("C-low/G-high" of "C-high/G-low") were randomized to treatmentdecision making based on the genomic risk assessment or treatment-decision making based on the clinical risk assessment [10] .
Since genomic testing is a recent development, relatively few studies have investigated psychosocial issues surrounding these tests. O'Neill et al., in a survey of 139 women who received breast cancer treatment before genomic profiling was available, found a strong interest in genomic testing [11] . Richman et al., in a study of 78 breast cancer patients who had previously received gene expression profiling, reported that many women had an inadequate understanding of gene profiling [12] . In an analysis of data from the same study, Tzeng et al. found that many breast cancer patients preferred a level of shared decision making that was different from what they experienced with their doctors [13] . Lo et al. found that receiving gene expression profiling results lowered patients' (n = 89) anxiety [14] . Both Tzeng et al. and Lo et al. found that patients' decisions were largely concordant with their gene expression profile results. These studies tended to have small samples, examined the effects of different risk results only minimally, and did not investigate the impact of the combination of gene profiling and clinical risk data in their analyses. Recently, Sulayman et al. reported on the psychosocial and quality of life impact of women receiving an intermediate genomic score [15] . They found that those women who took a passive role in their care reported higher cancer-related distress and cancer worry and lower quality of life than those who took a shared or active role [15] .
The primary aims of our study were to evaluate the association between breast cancer patients' well-being and the results of a gene expression profile on to compare different recurrence risk groups, according to their genomic and standard clinical risk assessments. We expected higher well-being for the concordant "C-low/ G-low" risk group (clinical and genomic assessments indicate low risk), lower well-being in patients who did not receive genomic results and lower well being for the discordant "C-low/G-high" risk groups (clinical parameters indicate low risk while genomic test indicates high risk), especially the group who did not receive chemotherapy. In addition, we examined the extent to which women understood the genomic test information received, risk perception, knowledge, and satisfaction with provided information and with the clinical process.
Methods

Study sample
Women taking part in the MINDACT-trial from 10 hospitals in the Netherlands were approached to participate in the study. Eligible patients were those with early stage breast cancer (0-3 positive lymph nodes) who were able to read and write in Dutch or English. In addition to the patients enrolled in the MINDACT trial, we also included in our sample women screened for MINDACT trial inclusion, but who ultimately were found ineligible because their genomic results were unavailable (i.e., samples had >3 positive lymph nodes (62%), or insufficient RNA quality or logistical problems (38%)) [10] . The latter occurred primarily during the first period of the study, but decreased thereafter. Clinical tests (C) had two possible results (low or high recurrence risk) and genomic tests (G) had three (low, high or a "not available" (na) recurrence risk). Crossing clinical and genomic results, and accounting for trial assignment of discordant test results, yielded 8 groups: 1) "C-low/G-low", 2) "C-high/G-high", 3) "C-low/ G-high assigned to no CT", 4) "C-low/G-high assigned to CT", 5) "C-high/G-low assigned to no CT", 6) "C-high/ G-low assigned to CT", 7) "C-low/G-na", and 8) "C-high/ G-na". This study received review and approvals from the Central Review Board of the University of Maastricht, institutional review boards of the Netherlands Cancer Institute and participating hospitals, the European Organization for Research and Treatment of Cancer Protocol Review Committee, the TRANSBIG and MINDACT Steering Committees and the TRANSBIG Ethical-Legal Committee.
Procedures
Patient recruitment began in September, 2008 and continued until the end of August, 2010. Eligible patients received an invitation letter signed by the treating physician, along with the general MINDACT-trial information before surgery. Patients who were enrolled in the MINDACT trial could choose whether to participate in the current study. Patients had surgery to remove their tumors, and then 6-8 weeks later we mailed patients the questionnaire accompanied by an informed consent form. At the time we sent the questionnaires, patients had received assessments of their risk for breast cancer recurrence from the standard clinical markers and the genomic profile and had made a decision regarding adjuvant treatment, but they had not yet started adjuvant treatment. Patients who did not respond to the initial invitation were mailed a reminder two weeks later (See Figure 1 ). All study materials were in Dutch.
Measures
During a previous feasibility study, the MicroarRAy PrognoSTics in Breast CancER (RASTER) study [16] , we interviewed 27 patients about their personal experiences dealing with the 70-gene signature. Based on these interviews, we constructed a questionnaire and pilot tested it with 77 patients in the same study [17] . A modified version of this questionnaire was used in the current study (See for the total questionnaire Additional file 1).
The questionnaire assessed sociodemographic, clinical and psychosocial variables. The primary study outcome was patient well-being, defined as genomic testing-specific distress (referred to subsequently as distress), cancerspecific worry, and health-related quality of life (HRQoL). Distress was assessed with 10 items adapted from Lynch's distress scale [18] (α = 0.91). An adapted 7-item version of Lerman's Cancer Worry Scale [19] (α = 0.89) was used to measure cancer worry. The Breast Cancer Subscale of the Functional Assessment of Cancer Therapy -Breast questionnaire was used to assess HRQoL [20] . We averaged items for each scale to create 3 continuous composite variables.
The questionnaire also measured variables that could have influenced the way patients responded to their test results, as shown in Table 1 . We developed 5 items regarding the extent to which women understood the information provided (α = 0.81): 1 item on whether women received both test results at the same or at separate medical visits; 14 items on genomic test knowledge, scored for accuracy and summed to form a "knowledge" index; 1 item on perceived risk of breast cancer recurrence; and 5 items on satisfaction with provided information and process, averaged to form a "satisfaction" scale (α = 0.78). 
Data analysis
We imputed values for 61 patients with missing data (17.5%, mostly in the well-being scales), assuming that data are missing at random. The procedure relied on variables in the regression analysis and variables predictive of missing values to create five complete datasets after 100 iterations using fully conditional specification [21] . Multiple imputation is currently regarded as a state-of-the-art technique because it improves accuracy and statistical power relative to other missing data techniques (including list wise deletion). We conducted analyses with each of the five datasets and then pooled results according to Rubin's rules [22] . As the analysis of the original dataset without imputation yielded the same pattern of findings, and the imputation set is more efficient with more data, we only report results from the imputation dataset in the results.
We assessed baseline differences between groups with Student's t-test, the Mann Whitney-U test, and chisquare tests. We used unadjusted univariate analysis of variance (ANOVA) to evaluate whether the risk groups differed in distress, worry and HRQoL. Block-wise multiple linear regression analysis was carried out to identify variables associated with distress, worry and HRQoL. The first block contained the sociodemographic variables; the second block contained relevant additional factors such as understanding, risk perception, satisfaction, knowledge and receiving both tests on one occasion; the third block contained the genomic test result risk group variables. The "C-low/G-low" group was the reference category. In the regression analysis, the residuals were checked for normality. The R 2 was calculated according to the formula in Harel, 2009 [21] . In order to maintain the family-wise Type 1 error at 0.05 over the multiple (correlated) tests, we set the critical alpha at a conservative 0.01. We conducted all analyses with SPSS version 17, except Rubin's rules, for which we used version 18.
Results
Study sample
Of 566 patients we invited to participate, 347 returned completed questionnaires (62% response rate; see Figure 1 ). The characteristics of respondents are shown in Table 2 . On average, we received the questionnaires within 3 months (89 days) of sending them. In general, guidelines Table 3 Risk perception 1 item (0-100%) NA What do you think is the chance your cancer will come in the coming 10 years? for Dutch hospitals indicated that, 6 weeks (42 days) after surgery, women should start radiotherapy that takes additional 7 weeks (49 days). Thus, on average respondents would not yet have started (possible) chemotherapy at the time they completed the survey. Concordant risk results were the most common finding: "C-low/G-low" (n = 111) and "C-high/G-high" (n = 72). Discordant risk results were the least common: "C-low/G-high assigned to no CT" (n = 12), "C-low/G-high assigned to CT" (n = 18), "C-high/G-low assigned to no CT" (n = 25), and "C-high/ G-low assigned to CT" (n = 25). Genomic results deemed "not available" were also found: "C-low/G-na" (n = 33) and "C-high/G-na" (n = 56).
Perceived understanding of the test information
Few women (n = 21, 6%) had heard of the 70-gene signature before their diagnosis. Women recalled that they had received information about their risk of metastasis most often in words (n = 139, 43%), less commonly in both words and numbers (n = 100, 31%), and rarely in numbers only (n = 25, 8%); the remaining patients did not respond to this question. In general, women found the information they received to be understandable: the written information was perceived as clear by 87% of the women, verbal information by 87%, information prior to the test results by 85%, information about adjuvant treatment by 82%, and information necessary to make a careful decision by 83%. Twenty-seven percent of the women received both test results at the same medical visit (on average two weeks after surgery); 71% received them on two successive occasions (clinical assessment on average one week after surgery, and GEP results on average two weeks after surgery); and for the remaining 2% this was unknown.
Knowledge and perceived risk
Knowledge about genomic recurrence risk testing was relatively high (mean correct answers, across 14 items = 75%) ( Tables 3 and 4 ). Two questions that elicited substantially more "I don't know" responses were "The result of the genomic profile is always correct" (43% don't know); "For a breast tumour with a high risk genomic profile, the chance of metastasis in the next 10 years is 50%" (53% don't know). The three questions with the most incorrect answers were: "A high genomic profile indicates that a patient will need to have her lymph nodes removed" (25%); "The genomic profile indicates the chance of metastasis" (23%); and "For a breast tumour that the genomic profile indicates as high risk, the chance of metastasis in the next 10 years is 50%" (20%). Women with relatives who previously underwent chemotherapy answered more questions correctly (on average 78% versus 73% correct answers p = 0.006). On average, patients perceived their risk of recurrence to be 26.6%.
Satisfaction
Almost all women (97%) were satisfied with their experience from diagnosis up to the time that the questionnaire was completed. Similarly, 94% expressed overall satisfaction with the information received. Twenty-eight percent of the patients were unsatisfied with the waiting time for the results. Based on self-report data, 6% received results within 1 week of surgery, 23% within 2 weeks, 29% within 3 weeks, 23% within 4 weeks, and 18% after more than 4 weeks. Nine percent of the patients expressed dissatisfaction with the way in which doctors conveyed the results (Table 4 ). Relatives who underwent CT before Note. C, clinical, G, genomic, CT, chemotherapy. Analyses that included age treated it as a continuous variable.
Distress
In the unadjusted (univariate) analysis, distress was different among the risk groups (p = 0.017) ( Figure 2 , Table 5 ). In the adjusted (regression) analysis, risk group remained associated with distress levels after controlling for sociodemographic, information/knowledge, and risk perception variables ( Table 6 ). The group "C-low/ G-low" (reference) reported the lowest distress, not different from the group "C-high/G-low assigned to chemotherapy" (p = 0.18). Associated with higher distress compared to the reference group were the groups: genomic profile not available (p = 0.002 and p < 0.001),
"C-high/G-high" (p = 0.01) and the discordant groups "C-low/G-high assigned to CT" (p < 0.001) and "C-high/ G-low assigned to no CT" (p < 0.001) ( Table 6 ).
Worry
In the unadjusted analysis, the 8 risk groups had similar levels of worry (p = 0.234) ( Figure 2 ). In the adjusted analysis, corrected for demographic factors, higher levels of worry were observed among women who expressed lower satisfaction (p < 0.001) and among women with higher perceived risk (p < 0.001) (See Table 6 ). The GP is done on tumour tissue from the breast removed by surgery. 97 1 2
The GP is based on the genes of the breast tumour. 90 4 6
The GP help some women avoid having unneeded chemotherapy. 90 4 6
A patient with a high risk tumour will be recommended chemotherapy. 86 5 9
The GP gives the chance of metastasis. 67 23 10
For a high risk tumour, the chance of metastasis in the next 10 years is over 50%. 27 21 52
Correct answer was "false"
The GP is done before surgery that removes the tumour. 88 6 6
Only the GP is used by the doctor to recommend chemo. 88 6 6
A GP tells whether other women in the family have higher risk of breast cancer. 78 11 11 The GP tells whether cancer cells have spread to the lymph nodes. 74 18 8 The GP can help women to decide about the sort of breast cancer surgery to undergo. 70 17 13 The GP looks at all genes in a patient's body. 69 14 17 A high risk GP indicates that a patient will need to have lymph nodes removed. 62 25 13 The GP is always correct. 38 19 43
Note. GP, genomic profile. Note. n = 347. The reference group in analyses was C-low/G-low; p value is for omnibus test. C, clinical, G, genomic, ass. = randomly assigned to receive, CT, chemotherapy. Satisfaction scale: "very satisfied" (coded as 1), "satisfied" (2), "neutral" (3), "unsatisfied" (4), "very unsatisfied" (5) . Perceived understanding scale : "not at all clear" (1), "somewhat clear" (2), "moderately clear" (3), "completely clear" (4). Knowledge scale : percentage of correctly answered questions. Risk perception scale: "no risk of developing metastasis within 10 years" (0),"100% risk" (100).
HRQoL
In the unadjusted analysis, HRQoL was different among the risk groups (p = 0.024) ( Figure 2 ). In the adjusted analysis, older age was associated with better HRQoL (p < 0.001), while higher risk perception was associated with lower HRQoL (p < 0.001). After controlling for demographic and process factors, only the "C-high/G-na" (p < 0.001) risk group reported lower HRQoL compared to the reference group "C-low/G-low" (See Table 6 ).
Discussion
In general, women indicated that the information they received regarding the test results was clear and satisfactory and resulted in a good understanding of the genomic profile and its consequences. As expected, we found the least distress among patients with a low recurrence risk according to standard and genomic indicators. Most other groups had statistically significant or marginally higher distress except for patients with high risk according to clinical indicators, low recurrence risk according to the genomic profile and assigned to chemotherapy. Our expectation that higher distress, more worry and lower HRQoL would be observed among the discordant "C-low/ G-high" risk groups was not confirmed. Rather, higher distress levels compared to the reference group were observed for the "C-low/G-high assigned to chemotherapy" and "C-high/G-low not assigned to chemotherapy". Higher distress among patients with uniformly high risk results or with uncertain genomic results makes intuitive sense. Patients with discordant results appear to have had a lingering sense of unease. They may have derived comfort from receiving chemotherapy together with a low genomic risk result. However, either one on its own appears to have been insufficient to ameliorate women's distress. In the future, the genomic risk profile results may become incorporated into clinical guidelines, such that patients would receive only one test outcome, which could help to reduce uncertainty and distress. Although we expected high correlations among the three study outcomes (distress, worry and quality of life), they were only moderately correlated. Furthermore, we found distinct correlates of each. Distress levels tended to vary primarily as a function of risk group, whereas worry was associated with risk perception and satisfaction. Lower quality of life was associated with younger age, higher perceived risk, and the risk group with "C-high/G-na" result. These differences may be due, in part, to the varying focus of these three measures. The distress scale assesses primarily distress related to the genomic results, while the worry scale assesses breast cancer-related worry, and the quality of life measure taps into both general and breast cancer-related issues. Strengths of the study include its larger sample compared to previous studies, its multicenter and prospective research design, and the use of standardized measures to assess psychosocial outcomes. The distribution of patients across the subgroups and the general characteristics of the sample were comparable to those of the predefined pilot phase of the MINDACT trial [10] .
The study also had several limitations. First, while we were able to form 8 groups on the basis of clinical and genomic risk status and treatment decision, the groups with discordant risk estimates were relatively small, and thus may have limited the power of the study to detect group differences. This may explain, in part, why we did not confirm the hypothesis that the "C-low/G-high 
